The isolated perfused lung (IPL), when compared to available in vitro and in vivo pulmonary systems, is a preparation that fulfills a majority of the ideal criteria for studying metabolism, binding and/or physiological response to xenobiotics. The IPL is an exceptionally useful method when there is a need for concurrent administration of multiple agents in different physical forms. Various details such as physiological and biochemical parameters and the construction of a small animal tracheal valve system are discussed.
Our general interest in the lung originated from the fact that the respiratory tract is the main portal of entry and one of the first surfaces contacted by airborne contaminants. The main reason for our interest in pulmonary disposition of pollutants is the potential importance in the ultimate toxicity of some of these agents. Of interest, also, are the agents, drugs, or pollutants reaching the lung via the circulatory system. It has been well established that the lungs are capable of binding and/or metabolizing several such agents (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
There is no way to study the pulmonary metabolic activity in vivo because of the influence of other organs. In vitro tissue preparations such as slices and homogenates compromise the integrity of an investigation (13) A number of criteria were chosen and considered mandatory in order to provide an isolated perfused lu:ig preparatiorn that was sufficiently stable to permit evaluation of metabolic activity, distribution, and uptake of compounds (14) . In addition, we thought that monitoring of physiological and biological indices would better define the stability of the system. A summary of the major features of our isolated perfused rabbit lung preparation is presented in Table 1 . (15) . This observation reflects the importance of using whole blood when possible, since distribution, absorption, and excretion kinetics are important parameters in estimating total toxicity of a chemical. The possibility exists where significant factors may be overlooked when organs are perfused with artificial media. However, the design of the experiment may dic- tate the use of artificial media as for example in the study of lipid metabolism. Constant blood pressure and flow are essential for kinetic studies. The system is essentially chemically and biochemically inert utilizing silicone rubber tubing and silicone coated glass. The system is operated at 370C, and ventilation is accomplished through subatmospheric alternating pressures. The pH of the blood is controlled through infusion of NaHCO3 (0.3 meq/hr) and titrating to pH 7.40 with carbon dioxide added to the ventilating gas. The materials that are available for analysis include blood, lung washings, alveolar macrophages, trachea-bronchi, peripheral lung tissue, and ventilating gases. Figure 1 is a simplified schematic of our isolated perfused lung preparation (14) showing the lungs suspended in the artificial thorax. A peristalitic pump maintains the constant pressure of blood through an electronic feedback-level sensing device. Filtered air is warmed and humidified prior to passing the respiratory valve complex.
A summary of the biochemical changes found in the plasma of eight control isolated perfused rabbit lungs has been reported previously (14) . One of the most notable changes is the glucose concen- Environmental Health Perspectives 68O tration. The average disappearance rate was approximately 35 mg-%//hr. Infusion of this amount resulted in no net change throughout the perfusion. Lactate dehydrogenase, glutamic oxalacetic transaminase (GOT), and lactic acid were found to increase quite substantially. The increases in LDH and GOT and the increases in plasma hemoglobin were attributed to hemolysis.
Typical physiological values obtained from control lungs are shown in Table 2 . Historically, edema has been a problem in the IPL. We feel that we have minimized or at least delayed its appearance with this system, as is evident by the small increases in weight of the lungs measured before and after perfusion.
Cervical dislocation is used to kill the animal since anesthesia is undesirable for metabolic studies. The location of the strike must be precise, since brain trauma results in massive hemorrhage and edema in the lungs. We have also noted that in experiments in which the blood flow decreases with time in the IPL, edema and hemorrhage usually follows. Therefore, we sought to correct the blood flow problems that normally are found with the IPL hoping that these corrections might also influence edema formation. (40-100 mg) were found necessary to maintain constant blood flow in the isolated perfused rabbit lung (Fig. 3) . Figure 4 illustrates the effects of blood flow of benzo[a]pyrene (BaP) in an ethanol saline (1:1, v/v) suspension administered intratracheally to the IPL. The initial decrease in flow is due to the ethanol administration. Histopathological examination of control lungs revealed no edema and excellent maintenance of pulmonary structures after 4 hr of perfusion.
We are primarily interested in the pulmonary metabolism of the ubiquitous carcinogen benzo [a]pyrene. One of our aims was to study this compound when coadministered intratracheally with ferric oxide or SO2. A development which arose from this need was the tracheal valve system which is shown in Figure 5 . The valve is fabricated with Teflon and has an extratracheal dead air space of approximately 6 cm3. Silicone rubber stem valves permit unidirectional flow. The offset diagram in Figure 5 gives the dimensions of the valve extension mold which is also fabricated with Teflon. Intratracheal pressures can be measured and intratracheal instillations are made through a port at the top of the valve. Spirometric measurements are also possible, therefore, adding another dimension to metabolic and acute toxicity investigations. Ti me (min) FIGURE 6 . Metabolite appearance in blood from IPL after BaP intratracheal administration.
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